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groups according to the different penetrating extents of implants into the sinus cavities 








































found among groups regarding implant stability, bone-to-implant contact (BIC) and bone 









the sinus health and the implant osseointegration in canine.
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INTRODUCTION
While a limited amount of bone is generally 
present at the edentulous posterior maxilla due 
to atrophy of alveolar ridge and pneumatization of 










augmentation procedure3,18. Since these approaches 
have become conventional treatments in Implant 
Dentistry, the risk of exposing the implant to the 









abandoned in some studies because of the large 
perforation of the sinus membrane10,21.
In general, the sinus membrane perforation is 
considered as a potential risk factor for implant 
























role in the clinical outcome4,15,19. Nevertheless, the 










Because most reported results of the sinus 
membrane perforation are clinical observations, 
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is necessary to be provided.
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osseointegration and sinus health in a dog model 

























to the general feeding program at Experimental 
Animal Center of Dalian Medical University, China. 
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the Ethics Committee of Dalian Medical University 
(protocol number: 2007-05A).
Experimental groups
A split-mouth randomized design, using four 
treatment protocols on the positions of bilateral 










four treatment protocols, and immediate implant 
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depth of 3 mm. The investigators ensured 
unpredictability of the allocation sequence by coin 
toss before surgeries.
Surgical procedures
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prophylaxis (gentamicin sulfate, 16000000 U/day, 
Linggui Pharmaceutical Co.Ltd, Zhengzhou, China) 









mg/kg, Changchun Academy of Military Medical 
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Sixteen custom-made threaded cylindrical implants 
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Except for the implants of control group placed 
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or 3 mm, respectively. The buccal mucoperiosteal 
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resorbable sutures.
To prevent postoperative infections, the 
animals received a daily penicillin intramuscular 
injection (2 doses of 100,000 units/kg, Penicillin 


















animals during the healing period.
Resonance frequency analysis
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Observation and histological assessment
After a gross observation, radiographic 
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10 mA tube current and 0.32-second exposing time. 
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grade acrylic resin (LR WhiteTM, London Resin 
Company Ltd, Berkshire, England) and polymerized 
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aniline red (Exact Cutting and Grinding equipment, 
Exact Apparatebau, Norstedt, Germany). Three 
coronal sections from central area of each implant 
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Bethesda, MD, USA).
Statistical analysis
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complications such as implant loosening or falling. 































intact in the control group (Figure 1a). In group B 
and group C, the protruding parts of implants that 








(Figures 1b, 1c). In group D, the parts of implants 









observed in the sinus membranes of all samples.
Radiographic examination
Radiographic examination of the sites of 



















A B C D
Placement 66.1(4.4) 65.5(3.2) 63.8(4.8) 68(9.6)
! 65(3.7) 64.2(4.5) 65.7(2.8) 63.6(11.2)
Table 1- Implant stability quotient values [Mean(SD)] measured by resonance frequency analysis at the time of implant 
"#$%!
ISQ: Implant stability quotient
SD: Standard Deviation
4( Groups
A B C D
BIC 19.2(12.1) 15.5(8.9) 16.8(14.4) 10.3(11.6)
BA 34.7(21.3) 28.2(17.5) 32.2(24.5) 16.5(12.2)
Table 2- Comparison of the percentages of bone-implant contact and bone area in threads [Mean(SD)] among groups
BIC: Bone-implant contact; BA: Bone area in threads
SD: Standard Deviation
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occurred at this part of the membrane. In group 








remained intact without implant exposure. The tips with protruding depth of 1 mm (b) and 2 mm (c) were partially covered 
with new bone and scars were left at the penetrating spots on the membrane (arrows). The implant tip with protruding depth 
of 3 mm (d) was totally exposed in the sinus cavity with no bone coverage and the penetrating hole was left on the sinus 
'>?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7 Radiographic examination of the sites of implantation. The tips of implants in the control group (a) were completely 
embedded in the alveolar bone. The tips of implants with penetrating depth of 1 mm (b) and 2 mm (c) were surrounded by 
bone tissue. The tip of implant with the penetration depth of 3 mm was found to protrude inside the sinus cavity with no 
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regeneration. Although a perfect osseointegration 
had not been achieved at the coronal parts in 
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The mean values of BIC and BA are displayed 
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present among groups (P>0.05), although the 
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displaced into the maxillary sinus can act as a 
foreign body and thus can cause serious ongoing 
complications7,9. It has also been reported that 
implant penetration into sinus cavity resulted 
in recurrent rhino-sinusitis14. The most likely 
explanation for this complication is that altered 
7 Histological micrograph of the membrane surrounding the protruding portion of implant in group D. Abundant 
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and eosin)
79 Typical histological micrographs of the coronal plane ground sections of the control group (a), group B (b), group 
C (c), and group D (d). SC: sinus cavity; B: buccal side; P: palatal side. (methylene blue and aniline red)
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mucosa12. In addition, nasal clearance could be 
disturbed by implant blockage of the mucociliary 
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of implants penetration into the sinus cavity might 
inhibit the spontaneous recovery of membrane 










minor and major penetrations of implants into 
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implant osseointegration and sinus complication. 
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surrounding sinus membrane, suggesting that the 
exposed implants do not make the maxillary sinus 
membrane vulnerable to complications.
Disruptive membrane around the apical portion 
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bone-inducing abilities of sinus membrane. Based 
on the present result, it seems that under the 
circumstance of everyday practice, it is relatively 
safe to control the implant protrusion depth to the 







than 3 mm, membrane coverage of the exposed 
portion could not be achieved. Circular epithelium 











be explained by the direct attachment of the 







on the surface of the exposed apical part over time 
and become a potential predisposition to sinusitis.
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perforation may lead to severe acute sinus infection. 
It is prudent to evaluate all patients preoperatively 
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replicate the human environment, such studies may 
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that, despite the different protrusion extents, 






compromise the implant osseointegration and the 
sinus health during the 5-months observational 
period in canines. When the penetrating depth 
into the sinus is less than 2 mm, the apical portion 
of implant could be re-covered by regenerating 
membrane.
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